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What is it? An aid to calculation
in population genetics, introduced
by Sewall Wright. The rate of
change of the genetic make-up of
a population by genetic drift —
fluctuations in allele frequencies
caused by random sampling — is
inversely related to the effective
population size, Ne. Ne is
measured with reference to an
ideal ‘Wright–Fisher’ population.
This has a fixed number of N
diploid breeding individuals, with
no distinction of sex. Each new
generation is formed by sampling
genes randomly from the parents
of the previous generation. The
rate at which selectively neutral
variability is lost from the
population is then equal to 1/(2N).
In the messier real world, there
may be two different sexes,
population size may change,
individuals may differ in their
reproductive success and there
may be overlapping generations. If
you are clever enough, you can
write down an expression for the
rate of drift per generation in such
cases. This is then equated to
1/(2Ne). Ne is usually substantially
smaller than the census number of
breeding individuals.
Why is it useful? Genetic drift is
a major factor in DNA sequence
evolution. To make sense of the
data, we need evolutionary
models which include genetic
drift. By plugging Ne into the
relevant equations, we can write
down general expressions,
instead of having to work out new
results for each type of
population. For example, a
favourable new mutation which
increases the fitness of its carriers
by a small amount s has a chance
of spreading of 2(Ne/N)s in a
population of size N and effective
size Ne. Reducing Ne relative to N
thus reduces the chance that a
favourable mutation will spread.
Many fish populations are in
crisis as a result of overfishing
and their destruction as ‘by-
catch’ in the pursuit of
commercial species. And for
many, there are few data
available on life-cycle details
that allow researchers to
estimate conservation
requirements. But a new study
has looked at 63 species in the
north-east Atlantic and finds
that some simple aspects of
their biology may offer a good
indication of the minimum
numbers needed for recovery
from overfishing. The study,
carried out by Nicola Denning,
Simon Jenkins and John
Reynolds at the Fisheries and
Aquaculture Science Laboratory
at Lowestoft and the University
of East Anglia, (published on
line in the Proceedings of the
Royal Society) found that small-
bodied species that matured
early had the fastest population
growth rates. However, contrary
to widely-held views, the
species that produced most
eggs actually had the slowest
population growth rates. As this
group includes commercially
important species the outlook
may be even more bleak than
many current assessments. 
More eggs less
Stock taken: numbers of many fish species are dwindling rapidly and research
suggests that some species will find any recovery more difficult than currently
imagined (Picture: Science Photo Library).
Similarly, the chance that a
deleterious mutation can get fixed
against selection is increased by a
reduction in Ne, and approaches
the value for a neutral mutation
when INesI << 1. The equilibrium
level of within-population
variability for neutral or nearly-
neutral variants is controlled by
the product of the mutation rate
and Ne, so that Ne plays an
important role in the interpretation
of data on single nucleotide
polymorphisms, a major focus of
contemporary human genetics.
What influences Ne? If
population size changes, the long-
term value of Ne, which controls
the level of neutral variability, is
the harmonic mean (reciprocal of
the mean of the reciprocals) of the
series of values for each
generation. A population that has
recently expanded, like our own,
has a much smaller Ne than
indicated by its current size. In the
human case, levels of variability
indicate that Ne is close to 10,000,
reflecting the population size in
the remote past. Ne is affected by
mode of inheritance, so that X-
linked, Y-linked and organelle
genes each have their own Ne
values, which differ from that for
autosomal genes. Ne is also
influenced by natural or artificial
selection, which induce heritable
variation in fitness. Selection at
sites linked to a gene under study
may greatly reduce its Ne value.
This means that genomic regions
with low levels of genetic
recombination, where genes tend
to be tightly linked to each other,
may have lower than average
levels of variability and adaptation.
Where can I find out more?
Crow, J.F. and Kimura, M. (1970). An
Introduction to Population Genetics
Theory (Harper and Row, New
York).
Gordo, I. and Charlesworth, B. (2001)
Genetic linkage and molecular
evolution. Curr. Biol. 11. R684–686.
Li, W.-H. (1997). Molecular Evolution.
Sunderland, MA: Sinauer.
Wang, J.L. and Caballero, A. (1999).
Developments in predicting the
effective size of subdivided
populations. Heredity 82, 212–226.
Institute for Cell, Animal and Population
Biology, University of Edinburgh, King’s
Buildings, Edinburgh EH9 3JT, UK.
E-mail: Brian.Charlesworth@ed.ac.uk
Fitness
John Brookfield
Fitness in evolution — what is
it? Not fitness in the sense of
health, but rather an ability to
survive and reproduce, as when
the Darwinian theory of evolution
was characterized as ‘survival of
the fittest’.
Seems straightforward then?
One might think so, but different
people often use ‘fitness’ to mean
subtly different things. In
population genetics theory,
different genotypes (gene
combinations) have different
fitnesses — the product of the
survivorship and the fecundity of a
genotype. Fitnesses depend on the
environment and are often
expressed relative to the fittest
genotype in the population.
So if all the genotypes in the
population have a low, but
equal, fitness, are they all
defined as having a fitness as
one? Yes, that’s right. Fitnesses in
population genetics are relative,
not absolute. It is hard to relate a
population’s mean fitness to
ecology. Imagine a new mutation
that makes the males bearing it
more attractive to females: as this
spreads through the population,
the mean population fitness goes
up, but the mean fecundity and
viability of the population is
unaffected.
What about the old chestnut –
if fitness is defined by
survival, and then we say the
fittest survive, isn’t this all
circular? Not really. Suppose we
have a population where half the
offspring survive to adulthood.
An individual with a new
advantageous mutation might
have a 51% chance of surviving
to adulthood. Its genotype’s
relative fitness is 2% higher than
that of the other individuals. But
the individual with this new
unique genotype will either
survive or it will not: an individual
cannot have a survivorship of
51%. Fitness is an average, or an
expected, outcome.
So won’t many high fitness
mutations be lost from
populations by chance soon
after they arise? Indeed, that is
exactly what happens. Chance can
play other roles too. If the
population size is small, a mutation
that lowers fitness slightly might
spread through the population by a
series of lucky chance events, until
all individuals have it.
So evolutionary changes can
cause fitness to go down? Yes.
We can work out how likely this is
as a function of population size
and the fitness of a harmful
mutation. One thing for sure: if a
population’s fitness can go down,
it cannot be a circular argument to
say it will usually go up.
Is an organism’s fitness the
same as its adaptation to its
environment? Evolutionary
biologists look for adaptations in
the phenotypes (morphologies and
behaviors) of organisms. In
population genetic studies of
fitness, relative fitnesses of
organisms’ genotypes can be
compared empirically.
Isn’t it the same with all studies
of adaptation? Not exactly. When
studying a phenotype universally
seen in a population of organisms,
what does it mean to describe the
phenotype as causing high fitness
or as being an adaptation? High
fitness relative to what? In these
cases, phenotypes typically have
to be compared with a range of
imagined possible phenotypes, as
in optimization theory.
Does fitness apply to entities
other than genotypes? Some
believe that, in culture, the spread
of ideas, or ‘memes’, by imitation,
is caused by some ‘memes’ having
higher fitnesses than others.
Now that is a circular argument,
surely? You may believe so. I
couldn’t possibly comment.
Where can I find out more?
Smith J.M. (1998). Evolutionary
Genetics, 2nd edn (Oxford
University Press).
Institute of Genetics, University of
Nottingham, Queens Medical Centre,
Nottingham, NG7 2UH, UK.
Magazine
R717
